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ABSTRACT
With the goal of investigating the nature of Ovi absorbers at high redshifts, we study
the effects of proximity to the background quasar. In a sample of sixteen quasars at
zqso between 2.14 and 2.87 observed at high signal-to-noise and 6.6 km s
−1 resolution
with VLT/UVES, we detect 35 Ovi absorption-line systems (comprising over 100 indi-
vidual Ovi components) lying within 8 000 km s−1 of zqso. We present component fits
to the Ovi absorption and the accompanying H i, C iv, and Nv. The systems can be
categorized into 9 strong and 26 weak Ovi absorbers. The strong (intrinsic) absorbers
are defined by the presence of either broad, fully saturated Ovi absorption or partial
coverage of the continuum source, and in practice all have logN(Ovi)&15.0; these
systems are interpreted as representing either QSO-driven outflows or gas close the
central engine of the AGN. The weak (also known as narrow) systems show no partial
coverage or saturation, and are characterized by logN(Ovi)<14.5 and a median total
velocity width of only 42 kms−1. The incidence dN/dz of weak Ovi systems within
2 000 km s−1 of the quasar down to a limiting equivalent width of 8 mA˚ is 42±12.
Between 2 000 and 8 000 km s−1, dN/dz falls to 14±4, equal to the incidence of in-
tervening Ovi absorbers measured in the same spectra. Whereas the accompanying
H i and C iv column densities are significantly lower (by a mean of ∼1 dex) in the
weak Ovi absorbers within 2 000 km s−1 of zqso than in those at larger velocities, the
Ovi column densities display no dependence on proximity. Furthermore, significant
offsets between the H i and Ovi centroids in ≈50 per cent of the weak absorbers im-
ply that (at least in these cases) the H i and Ovi lines are not formed in the same
phase of gas, preventing us from making reliable metallicity determinations, and rul-
ing out single-phase photoionization-model solutions. In summary, we find no firm
evidence that quasar radiation influences the weak Ovi absorbers, suggesting they
are collisionally ionized rather than photoionized, possibly in the multi-phase halos
of foreground galaxies. Non-equilibrium collisional ionization models are needed to
explain the low temperatures in the absorbing gas, which are implied by narrow line
widths (b<14 km s−1) in over half of the observed Ovi components.
Key words: cosmology: observations – quasars: absorption lines – intergalactic
medium.
1 INTRODUCTION
Quasars are ideal backlights for absorption-line spec-
troscopy, thanks to their high luminosities and flat con-
tinua. Yet in addition to allowing us to detect foreground
absorbers, quasars also create and influence them, through
the effects of outflows and ionizing radiation. The enhanced
⋆ Based on observations taken under ESO Programme ID 166.A-
0106(A), using the Ultraviolet and Visual Echelle Spectrograph
(UVES) on the Very Large Telescope, Unit 2 at Paranal, Chile.
† E-mail: afox@eso.org
level of ionizing radiation in the vicinity of quasars gives rise
to the line-of-sight proximity effect, the observed decrease in
the number density of Lyα forest lines (equivalent to a de-
crease in the mean optical depth, and an increase in the level
of hydrogen ionization) at velocities approaching the quasar
(Carswell et al. 1982; Murdoch et al. 1986; Tytler 1987;
Bajtlik, Duncan, & Ostriker 1988; Lu, Wolfe, & Turnshek
1991; Bechtold 1994; Rauch 1998; Scott et al. 2000;
Guimara˜es et al. 2007; Faucher-Gigue`re et al. 2008).
To obtain an unbiased view of absorbing structures
in the high-z Universe, one needs to remove the effects
of proximity from samples of metal-line systems. The
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broad absorption line (BAL) systems, easy to identify in
QSO spectra because of their optically thick absorption
extending over thousands of km s−1, are clearly connected
to the quasar. BALs trace high-velocity QSO outflows at
speeds of up to 0.1c (e.g. Turnshek 1984, 1988), and are
seen in 10–15% of quasar spectra at z>1.5 (Weymann et al.
1991; Trump et al. 2006). A separate category of mini-BAL
systems, with fully saturated absorption profiles and total
velocity width < 2 000 kms−1, has also been identified
(Turnshek 1988; Churchill et al. 1999; Yuan et al. 2002;
Misawa et al. 2007b). As with BALs, mini-BALs are
interpreted as tracing outflows ejected by QSOs. A more
difficult task is to decide whether narrow absorbers in
quasar spectra are either created by or ionized by the
QSO. The traditional way to do this employs the displace-
ment velocity from the quasar, δv ≡ vqso− vabs. So-called
‘associated’ or ‘zabs ≈ zqso’ or ‘proximate’ absorbers,
typically defined as narrow absorbers at δv < 5 000 km s−1
(Weymann et al. 1979; Foltz et al. 1986; Anderson et al.
1987; Hamann & Ferland 1999) are often removed from
intervening samples because of the possibility they may
be intrinsic1. Arguments in favour of an intrinsic nature
for many proximate absorbers include time-variability
of absorption, partial coverage of the continuum source,
detection of excited ionic states implying high gas densities,
profiles that are smoother than intervening absorbers, and
super-solar metallicities (Wampler, Bergeron, & Petitjean
1993; Møller, Jakobsen, & Perryman
1994; Petitjean, Rauch, & Carswell 1994;
Savaglio, D’Odorico, & Møller 1994; Tripp et al. 1996;
Barlow & Sargent 1997; Hamann 1997; Hamann et al.
1997a,c, 2001; Hamann, Netzer, & Shields 2000;
Petitjean & Srianand 1999; Srianand & Petitjean 2000;
Ganguly et al. 1999, 2001, 2006; Narayanan et al. 2004).
Using a velocity cutoff to differentiate inter-
vening and intrinsic absorbers has two main prob-
lems: quasar-ejected intrinsic systems can appear at
higher δv (Hamann, Barlow, & Junkkarinen 1997b;
Richards et al. 1999; Richards 2001; Misawa et al.
2007a; Nestor, Hamann, & Rodr´ıguez Hidalgo 2008),
and intervening systems can appear at lower δv
(Møller, Warren, & Fynbo 1998; Sembach et al. 2004).
So are many genuine intervening systems lost when they
are excluded from absorber samples just because of their
proximity to the quasar? In this paper we investigate the
transition between proximate and intervening absorbers.
We focus on Ovi absorbers, which trace either warm-hot
(T &105 K) collisionally-ionized plasma, or photoionized gas
subject to a hard ionizing spectrum extending to energies
above 113.9 eV (the ionization potential to create O+5).
Ovi absorbers are of interest for many reasons, including
the significant role they play in the baryon and metal
budgets, the window they provide on intergalactic metal
enrichment, and their ability to trace energetic galaxy/IGM
interactions such as accretion and galactic winds. After the
first detection of Ovi absorbers at z=2–3 by Lu & Savage
(1993), much work has been done in the era of 10m-class
telescopes to characterize their properties (Schaye et al.
1 We favour the use of the term ‘proximate’ since it involves no
assumption about the absorber origin.
2000; Carswell, Schaye, & Kim 2002; Bergeron et al.
2002; Simcoe, Sargent, & Rauch 2002, 2004; Simcoe et al.
2006; Bergeron & Herbert-Fort 2005; Lopez et al. 2007;
Aguirre et al. 2008; Gonc¸alves, Steidel, & Pettini 2008).
Here we ask a simple question: is there a proximity
effect in Ovi? In other words, can we see the signature
of quasar photoionization, in terms of correlations between
the ionization properties of absorbers and their proximity
to the quasar? To address this issue, we form a sample of
proximate Ovi absorption systems at z=2–3 using a homo-
geneous set of high-resolution VLT/UVES quasar spectra,
and we then compare their properties to a sample of inter-
vening (i.e., non-proximate) Ovi absorbers observed in the
same set of spectra; the intervening sample has been pub-
lished by Bergeron & Herbert-Fort (2005, hereafter BH05),
but it has since been enlarged from ten to twelve sight lines.
We also briefly compare our results on Ovi absorbers at
z=2–3 to those obtained in the low-redshift Universe with
space-based ultraviolet spectrographs. This paper is thus a
study of both the proximity effect and the nature of Ovi
absorbers in general, and is structured as follows. In §2 we
describe the data acquisition and reduction, and our ab-
sorber identification and measurement processes. In §3 we
discuss the observational properties of proximate Ovi ab-
sorbers. In §4 we discuss the implications of our results, and
we then present a summary in §5. Throughout this paper we
adopt a WMAP 3-year cosmology with ΩM=0.27, ΩΛ=0.73,
and h70=1 (Spergel et al. 2007).
2 DATA ACQUISITION AND HANDLING
2.1 Observations
The ESO-VLT Large Programme The Cosmic Evolution
of the Intergalactic Medium (IGM) has built a homoge-
neous sample of high resolution, high signal-to-noise quasar
spectra for use in studying the high-redshift IGM. Twenty
bright quasars (most with V < 17) in the redshift range
2.1–3.8 (median zqso=2.44) were selected for observation,
deliberately avoiding sight lines that contain high-column
density damped Lyα absorbers. The observations were car-
ried out with the Ultraviolet and Visual Echelle Spectro-
graph (UVES; Dekker et al. 2000) on VLT UT2 at Paranal,
Chile, using a total of thirty nights of service-mode tele-
scope time between June 2001 and September 2002. The
observations were taken in good seeing conditions (<0.8′′)
and at airmass<1.4, with both blue and red dichroics (Dic1
346+580, Dic1 390+564, and Dic2 437+860 settings), giv-
ing spectra complete from 3 000 to 9 000 A˚. The data reduc-
tion was conducted using the MIDAS pipeline described
in Ballester et al. (2000), and then continua were fitted us-
ing a third-degree spline function interpolated between re-
gions free from absorption. Full details of the reduction
process are given in Chand et al. (2004) and Aracil et al.
(2004). The 2×2 binning mode was used, giving a rebinned
pixel size of 2.0–2.4 kms−1. The spectral resolution of the
data, R ≈ 45 000, corresponds to a velocity resolution of
≈6.6 km s−1 (FWHM). Typical signal-to-noise ratios per
pixel in the spectra are ≈35 at 3 500 A˚ and ≈60 at 6 000 A˚.
Among the twenty quasars, sixteen are at z<3. These form
the basic sample for this paper. The four cases at z>3 were
c© 0000 RAS, MNRAS 000, 000–000
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excluded, because the density of the Lyα forest at these red-
shifts renders futile searches for Ovi.
The emission-line redshifts of ten of the sixteen
quasars in our sample have been carefully determined by
Rollinde et al. (2005, and references therein), and we adopt
their values. For the remaining six quasars we take zqso
from Scannapieco et al. (2006). Each of these quasar red-
shifts is based on a combination of the observed Hα, Mg ii,
C iv, and Si iv emission-line redshifts, allowing for system-
atic shifts in the displacement velocities of the various lines
(e.g. Tytler & Fan 1992). The uncertainty on each zqso is of
the order 500 kms−1 (Rollinde et al. 2005).
2.2 Identification of O vi systems
We searched systematically through the sixteen quasar spec-
tra in our sample for Ovi absorbers within 8 000 kms−1 of
the quasar redshift. This velocity range corresponds to red-
shifts between zmin=zqso–[(1+zqso) 8 000 kms
−1/c] and zqso.
Our choice of velocities up to 8 000 km s−1 from the quasar
was made in order to investigate whether a transition occurs
at 5 000 kms−1, the conventional cutoff between proximate
and intervening systems. In practise, we also searched for
(and found) Ovi absorbers at up to 2 500 kms−1 beyond
the quasar redshift, indicating the presence of high-velocity
inflows toward the quasar.
32 Ovi absorbers were identified by their presence
in both lines of the Ovi λλ1031.926, 1037.617 dou-
blet in the correct ratio through the line profile, i.e.
τa(v, λ1031)/τa(v, λ1037) = 2, where the apparent optical
depth τa(v) = ln [Fc(v)/F (v)], and where F (v) and Fc(v)
are the observed flux level and estimated continuum flux
level, respectively, as a function of velocity. In addition, three
Ovi absorbers were identified in one line of the Ovi dou-
blet only, with partial blending in the other Ovi line, but
with corresponding absorption seen in C iv and H i at ex-
actly the same redshift. Together the sample consists of the
35 Ovi systems listed in Table 1. We define the system red-
shift zabs by the position of the strongest Ovi component in
the system, i.e. the wavelength of maximum optical depth.
In each system, we looked for accompanying absorption in
H i (Lyα, Lyβ, and Lyγ), C iii λ977, C iv λλ1548, 1550, and
Nv λλ1238, 1242 at the same redshift zabs.
We denote the velocity displacement of each absorber
from the quasar as δv ≡ c|zqso− zabs|/(1+ zabs). A nega-
tive value corresponds to an absorber moving toward the
quasar. The Ovi systems almost always contain multiple
components clustered together. We thus define δv both for
each absorber and for each individual Ovi component. The
uncertainties on all velocity displacements are dominated
by the ≈500 kms−1 uncertainty of the quasar emission red-
shifts.
2.3 Classification of O vi systems
After identifying 35 proximate Ovi systems, we found that
they could be classified into:
(a) Seven strong Ovi systems, which are defined by
showing both fully saturated Ovi lines extending over tens
to hundreds of km s−1, and strong (often saturated) Nv and
C iv absorption. In practice we find that these seven systems
all show logN(Ovi)>15.0 and are at δv<3 000 kms−1, with
four of the seven at δv < 0 (zabs>zqso), i.e. the strong sys-
tems are strongly clustered around zqso. The strong systems
are interpreted as being intrinsic to the quasar. Three of
the strong systems are classified as mini-BALs2, but no full
(classical) BAL systems are present in our sample. Partial
coverage of the continuum source is present in many of the
strong systems, as evidenced by the failure to find a suc-
cessful Voigt profile fit to the Ovi profiles, even though the
velocity structure is common among the two members of
the doublet. This confirms an intrinsic origin, because par-
tial coverage of the continuum source only occurs when the
absorbing gas is physically close to the AGN. The strong
systems contain multiple components, with a mean of 5.9
components per system.
(b) 26 weak Ovi systems, also known as narrow sys-
tems, which are unsaturated and show no evidence for par-
tial coverage, i.e. we were able to conduct successful Voigt
profile fits to the two lines of the Ovi doublet. The weak sys-
tems all have 12.80<logN(Ovi)<14.50, clearly separated
from the strong systems, but coincident with the range
of Ovi column densities observed in intervening systems
(BH05). Their total line widths are narrow, with a median
and standard deviation of ∆v90=42±33 km s
−1, where ∆v90
is the line width encompassing the central 90% of the inte-
grated optical depth. The weak Ovi systems are accompa-
nied by C iv absorption in 24/26 cases, and in 9/26 cases by
Nv. An mean of 1.9 components per system is required to
fit these weak absorbers.
There were two intermediate cases that presented diffi-
culties in their classification: the systems at z=2.6998 and
2.7134 toward HE 0151-4326. Neither of these systems shows
a saturated Ovi profile, and their Ovi column densities lie
in-between the values shown by the strong (>15.0) and weak
(<14.5 populations). However, differences between the pro-
files of the two doublet lines of Ovi, and between the two
lines of Nv, in similar velocity ranges are strongly suggestive
of partial coverage. This implies they should be classified as
intrinsic. For this reason we place these systems in the strong
category, and our final sample consists of 9 strong systems
and 26 weak systems.
In addition to the different Ovi (and Nv and C iv) col-
umn densities, there are several lines of evidence that sup-
port the notion that the strong and weak samples trace phys-
ically different populations. The strong population have ve-
locities (relative to zqso) that distribute differently, with 4/9
at zabs>zqso, whereas 22/26 weak absorbers are at zabs<zqso.
The strong population are show markedly different H i/Ovi
ratios than the weak population (see §3.5). Finally absorbers
in the strong population frequently show evidence for partial
coverage of the continuum source. Whereas the strong ab-
sorbers are clearly associated with the quasar (e.g. Turnshek
1984; Weymann et al. 1991; Hamann & Ferland 1999), ei-
ther tracing QSO outflows or inflows near the central en-
gine of the AGN, the origin of the weak Ovi absorbers is
less clear. They are often called ‘associated’ because of their
proximity in velocity to the quasar, but there is not neces-
2 The mini-BALs are the absorbers at zabs=2.4426 toward
HE 1158-1843, 2.1169 toward HE 1341-1020, and zabs=2.9041
toward HE2347-4342.
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sarily any physical connection. In the rest of this paper we
investigate the properties of this weak, proximate sample.
2.4 Component fitting
We used the VPFIT software package3 to determine the col-
umn densities, line widths, and central velocities of the Ovi
components in each system. The number of components to
be fit was usually self-evident from inspection of the line pro-
files, but in case of doubt we used the minimum number of
components necessary. Our sample of 35 Ovi systems com-
prises 101 components. We also fit, when possible, the H i,
Nv, C iii, and C iv absorption, independently of the Ovi
fits, i.e. we did not fix any component velocity centroids or
line widths when fitting the various ions. In the case of the
H i lines, we simultaneously fit Lyα with whichever of Lyβ,
Lyγ, and Lyδ were unblended. The total column densities in
each ion in each system were obtained by summing the com-
ponent column densities, with the individual column density
errors added in quadrature to produce the overall error es-
timate. All the Voigt profile fits are included in Figure 1,
which shows the absorption-line spectra for each system in
our sample. The total column density of each high ion and
of H i in each system is given in Table 1. The detailed results
of the component fits to Ovi, Nv, C iv, and H i in the weak
sample are given in Tables 2 and 3. All velocities in Tables
2 and 3 are given on a scale relative to the system redshift
zabs.
In addition to the component fits, we measured the
total column densities in each system using the apparent
optical depth (AOD) method of Savage & Sembach (1991).
This method has the advantage of requiring no assumptions
about the component structure: it simply requires a choice
of minimum and maximum velocities for the integration. It
will return accurate column densities so long as saturated
structure is not present. Whereas saturation is obvious if re-
solved, because the flux goes to zero, unresolved saturation
can be difficult to detect. In the case of a non-detection of
C iv or Nv, we measured the (null) equivalent width in this
ion over the velocity range in which Ovi is detected, and
found the 3σ error on this measurement. We then converted
this maximum allowed equivalent width into a column den-
sity limit using a linear curve-of-growth. For example, if the
equivalent width measurement was 0±10 mA˚, we derived a
3σ column density limit Nlim using EWlim=30 mA˚ and the
relation Nlim = 1.13 × 10
17EWlim/λ
2f (with Nlim in cm
−2
and λ in A˚). Atomic data were taken from Morton (2003).
In many of the strong absorbers, partial coverage of
the continuum source is present. Indeed, we use this as a
criterion to classify an absorber as intrinsic. Partial cover-
age is indicated by a similar velocity structure in the two
members of a doublet, but with inconsistent optical depths
in each ion. In the case of partial coverage the equation
F (v) = F0e
−τ(v) is no longer valid (e.g. Hamann & Ferland
1999), and a velocity-dependent coverage fraction must be
introduced. For these cases, the column density derived from
an AOD integration should be considered as a lower limit.
3 Available at http://www.ast.cam.ac.uk/∼rfc/vpfit.html.
3 RESULTS
In this section we present a discussion of the overall proper-
ties of the population of proximate Ovi absorbers at z=2–
3. Although we discuss ionization processes, a detailed dis-
cussion of the physical conditions in the individual systems
that make up our sample is beyond the scope of this paper.
Some of the systems in our sample are discussed in more
detail elsewhere. These include the proximate absorbers
toward HE 2347-4342 (Fechner, Baade, & Reimers 2004),
and toward HE 1158-1843, PKS 0329-255, and Q0453-423
(D’Odorico et al. 2004).
3.1 Location of absorbers in velocity space
The number of proximate Ovi absorption line systems seen
in each quasar spectrum varies between zero and five. There
are two quasar spectra in our sample without Ovi ab-
sorption detected within 8 000 kms−1 of zqso: HE 2217-
2818 (zqso=2.41) and Q0002-422 (zqso=2.77). There are two
quasars with five proximate Ovi absorbers in their spectra:
PKS 0237-23 (zqso=2.233) and HE 1341-1020 (zqso=2.135).
To illustrate the location in velocity space of the absorbers,
we show in Figure 2 the velocity displacement of all ab-
sorbers, strong and weak, for each quasar. Over the whole
sample (16 spectra) we find a mean of 0.6 strong proximate
Ovi systems per sight line, and 1.6 weak proximate Ovi
absorbers per sight line. However, the Ovi sample is incom-
plete, because of regions where Ovi systems are missed due
to blending by the Lyα forest. As we show in §3.7, when
we calculate the corrected redshift path for the Ovi search,
our estimated Ovi completeness is 84% down to a limiting
equivalent width of 8 mA˚.
As a useful gauge of the velocity interval in which we
expect to see proximity effects, we can derive the distance
from each quasar at which the flux of extragalactic back-
ground (EGB) radiation equals the flux of quasar radia-
tion, i.e. we can derive an estimate of the size of the quasar
sphere-of-influence. The monochromatic quasar ionizing lu-
minosities at the Lyman Limit have been derived for ten
of the sixteen quasars by Rollinde et al. (2005), who calcu-
lated L912 by extrapolating the QSO B-magnitudes assum-
ing a spectral slope of α=−0.5 (where Fλ∼λ
α). The EGB
flux at the Lyman Limit at z=2.5 has been calculated to be
FEGB≈6×10
−21 erg cm−2 s−1 Hz−1 (Haardt & Madau 1996,
corresponding to log Jν=−21.3 erg cm
−2 s−1 Hz−1 sr−1;
the values for the z=2 and 3 cases are not significantly dif-
ferent). The distance D at which FQSO=FEGB is given by
D=
√
(L912/4piFEGB). In the case where the velocities are
Hubble flow-dominated, we can convert our calculated val-
ues of D to velocity displacement from the quasar, using a
value for the Hubble parameter calculated at the redshift
of each quasar using H2(z) = H20 [ΩM(1 + z)
3 + ΩΛ]. With
our adopted cosmology, H(2.5)=246 kms−1 Mpc−1. These
results are shown in Table 4, and are included in Figure
2, where it can be seen that if the velocity displacements
from the QSO are due to the Hubble flow, then the proxim-
ity effect should only extend to ∼1 000–2 500 km s−1. While
peculiar velocities are to be expected, this is still a useful
order-of-magnitude estimate for the size of the quasars’ ion-
izing sphere-of-influence.
c© 0000 RAS, MNRAS 000, 000–000
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Figure 2. Graphical display of the location in velocity space
of the Ovi absorbers in this study, relative to their background
quasar. Weak absorbers are shown in red, and strong absorbers in
blue. The location of δv=0, i.e. zabs=zqso, is shown with a solid
black line. Negative values for vqso−vabs imply the absorber is
approaching the quasar. Dashed green lines show the velocity at
which FQSO=FEGB assuming Hubble flow (see text).
Table 4. Size of quasar spheres-of-influence at 912 A˚.
QSO logL912a Db δvc
(erg s−1 Hz−1) (Mpc) (km s−1)
HE 0001-2340 31.65 7.7 1700
HE 2217-2818 31.99 11.4 2600
PKS 0237-23 31.67 7.8 1700
PKS 0329-255 31.58 7.1 1800
PKS 1448-232 31.53 6.7 1400
Q 0002-422 31.72 8.3 2200
Q 0109-3518 31.82 9.3 2200
Q 0122-380 31.63 7.5 1600
Q 0329-385 31.28 5.0 1100
Q 0453-423 31.71 8.2 2100
a Monochromatic luminosity at Lyman Limit, derived from the
B magnitude and Fλ ∼ λ
−0.5 (Rollinde et al. 2005).
b Distance at which FQSO=FEGB= 6×10
−21 erg cm−2 s−1 Hz−1
at z=2.5 (Haardt & Madau 1996).
c Velocity separation from QSO at D assuming Hubble flow, with
H(z) calculated at zqso. H(z=2.5)=246 km s−1 Mpc−1.
3.2 Presence of other ions
The presence and strength of absorption in other ionic
species in the proximate Ovi absorbers provides important
information on the ionization conditions. H i absorption is
detected in each of the 35 Ovi systems, always in Lyα and
occasionally up to Lyδ. Higher-order Lyman lines may also
be present, but they lie deep in the Lyα forest where blend-
ing and low signal-to-noise aggravate the search for detec-
tions. All but two of the Ovi systems show C iv detections
(the exceptions are the absorbers at zabs=2.2378 toward
PKS 0237-23 and zabs=2.6610 toward PKS 0329-255, both
of which are weak Ovi systems with low Ovi column den-
sities). 9/9 strong Ovi systems contain Nv, whereas 9/26
weak Ovi systems contain Nv. Therefore while the presence
of Nv is a feature of all strong systems, it does not imply
that an Ovi system is strong. Finally, C iii absorption is seen
in 13/26 weak systems, and 7/9 strong systems. However,
because C iii λ977 lies in the Lyα forest, it is often blended
and hence not detectable even if present, so these fractions
should be treated as lower limits.
3.3 O vi system column densities
A plot of the total Ovi column densities in each absorber
versus proximity (Figure 3, top panel) shows the distinction
between the strong and weak populations. The strong pop-
ulation all show logN & 15.0 and are(with two exceptions)
clustered around zabs=zqso, whereas the weak population
lies between the detection limit of logN≈12.80 (correspond-
ing to a limiting equivalent width of 8 mA˚) and 14.5. Once
the strong systems have been removed, the underlying weak
population shows no dependence of N(Ovi) with proxim-
ity to the quasar. To investigate this further, we split the
sample into Ovi absorbers at δv < 2 000 kms−1 and those
at 2 000 < δv < 8 000 kms−1. This division is motivated
by an observed enhancement in dN/dz below 2 000 kms−1
(§3.7), as well as this representing the expected size of the
proximity zone (§3.1). A two-sided Kolmogorov-Smirnov (K-
S) test shows that the probability that the distribution of
logN(Ovi) for absorbers at <2 000 km s−1 is different from
those at >2 000 kms−1 is only 17%. There is also no clear
correlation between the quasar redshift and the total Ovi
column, as shown in the lower panel of Figure 3. We do note
that the ratio of weak systems to strong systems changes
from 6.3 (19/3) at z < 2.5 to 1.2 (7/6) at z > 2.5, but the
statistics are too small for us to investigate this further.
3.4 O vi component column densities and b-values
Proximity effects may occur at the component level, as well
as the system level. To investigate this, we compare in Figure
4 the component properties returned by VPFIT (column
densities and line widths) of the weak Ovi absorbers with
δv. We include for comparison the Ovi components from
the intervening sample of BH05. As with the system column
densities, there is no trend for the component Ovi column
densities to correlate with proximity to the quasar.
The distributions of logN and b for the Ovi compo-
nents in our sample are shown in Figure 5. We include the
following component distributions as separate curves: the
components at δv < 2 000 kms−1, those at 2 000 < δv <
c© 0000 RAS, MNRAS 000, 000–000
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Figure 3. Scatter plots comparing the integrated column density
(over all components) of the Ovi absorbers with their proxim-
ity to the background quasar δv ≡ vqso− vabs and with their
redshift zabs. An error of 500 kms
−1 in zqso is assumed. Strong
absorbers are shown in blue (lower limits), with weak absorbers
in red. The distinction between the weak and strong populations
is evident. The dashed line shows the detection limit. Among the
weak absorbers there is no correlation between N(Ovi) and δv,
or between N(Ovi) and z.
8 000 kms−1, and the intervening absorbers from BH05.
A two-sided K-S test finds the probability that the logN
distributions for the samples at <2 000 kms−1 and 2 000–
8 000 km s−1 are different (i.e. drawn from distinct parent
populations) is only 23%. Comparing the δv<2 000 km s−1
components to the intervening sample, we do not find any
difference valid at more than the 1.0σ level, with the inter-
vening sample showing a median logN(Ovi) of 13.54, and
the δv < 2 000 kms−1 sample showing a median of 13.45.
This is an important result considering the intervening sam-
ple was measured independently in BH05, not in this anal-
ysis.
Turning to the component line widths, we find that
among the proximate weak sample, 29 out of 48 components
(60%) are narrow (b6 14 kms−1)4. Comparing the b-value
distributions, we find that the probability that the popula-
tion at δv < 2 000 kms−1 is different from the intervening
distribution is less than 50 per cent. The median b-value
in the intervening sample is 12.7 kms−1; in the sample at
δv < 2 000 km s−1, it is 12.3 km s−1. However, an excess of
systems with b=20–30 km s−1 is observed for components in
4 We define ‘narrow’ as b < 14 km s−1 since this corresponds
to the thermal line width of an Ovi line in gas at 188 000 K,
and negligible Ovi is produced in gas in collisional ionization
equilibrium (CIE) below this temperature (Sutherland & Dopita
1993; Gnat & Sternberg 2007).
Figure 4. Scatter plots comparing the column densities and line
widths of the Ovi components with their proximity to the back-
ground quasar. The errors shown are returned by the VPFIT
profile-fitting code. Included in green is the BH05 sample of in-
tervening Ovi components at z=2–2.5, plotted for convenience
at δv > 9 000 km s−1, with arbitrary shifts in the x-direction ap-
plied for clarity. Two proximate components with b=34±14 and
45±18 km s−1 are not shown because of their large errors.
the 2 000–8 000 km s−1 range, as can be seen in the lower
panel of Figure 4.
Finally, we compare the line width distribution of the
Ovi components in the weak proximate sample with the
C iv and Nv line width distributions (in the same sample).
The line widths of C iv and Nv distribute differently than
those of Ovi, without the strong tail extending between 10
and 25 km s−1 seen in the Ovi distribution. 77% of C iv
components and 90% of Nv components show b<14 kms−1.
These differences indicate that it cannot be assumed that the
C iv, Nv, and Ovi arise in the same volumes of gas.
In summary, among the weak Ovi absorbers at z=2–
3, there is no compelling evidence for any difference in the
column density and line width distributions between the in-
tervening and proximate Ovi populations, but within the
proximate sample, the Ovi line widths distribute differently
than those of Nv and C iv.
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Figure 5. Top two panels: normalized column density- and line
width distributions of the proximate Ovi components at δv <
2 000 km s−1, at 2 000<δv<8 000 km s−1, and in the intervening
sample. No statistically significant differences are found, with the
exception of a slight excess of systems with b=20–30 km s−1 in
the weak sample in the 2 000–8 000 km s−1 bin. The bottom panel
compares the line width distributions for Ovi, C iv, and Nv in
the weak, proximate sample.
3.5 H i column density
The median and standard deviation of the logarithmic
H i column density in the weak proximate Ovi sample
is logN(H i)=14.66±0.95, with a total range covered in
logN(H i) of over four decades. The H i/Ovi ratio (inte-
grated over all components in each system) varies enor-
mously, taking values between 0.02 and 1500. In Figure 6
(top panel) we plot the H i/Ovi column density ratio against
the H i column density. Within both the strong and weak
samples, a trend is evident in which H i/Ovi rises with in-
creasing N(H i). However, the two populations are clearly
distinct, in that the weak systems show much higher H i/Ovi
ratios at a given N(H i). The clear segregation of the weak
and strong systems on this plot supports our contention that
they represent two separate populations.
In the lower panels of Figure 6, we explore whether
the H i column density in the weak proximate sample de-
pends on δv. We find that N(H i) distributes very differ-
Figure 6. Analysis of N(H i) and the H i/Ovi ratio in the prox-
imate Ovi sample. The column densities are integrated over all
components in each absorber. In the top panel, a dashed line de-
lineates the locations of the strong (blue) and weak (red) samples
in a plot of H i/Ovi vs H i. In the central two panels we show
that both N(H i) and H i/Ovi show a dependence on proximity.
The bottom panel shows the histogram of N(H i) for the weak
Ovi absorbers, split into two sub-samples: those at δv < 2 000
and δv > 2 000 kms−1. A significant difference exists between
these two histograms, with the absorbers closer in velocity to the
quasar showing lower N(H i).
ently at δv < 2 000 kms−1 than at δv > 2 000 kms−1. The
N(H i) distribution for the δv > 2 000 km s−1 sub-sample is
strongly clustered around logN(H i)≈15, whereas the dis-
tribution for the δv < 2 000 km s−1 sub-sample is centered
near logN(H i)≈14 (see bottom panel). A K-S test shows the
two distributions differ at the 99.97% level. Consequently,
there is also a difference in the mean H i/Ovi ratio above
and below 2 000 kms−1, but this is due to the proximity
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effect in N(H i), not in N(Ovi), which shows no correla-
tion with proximity to the quasar. The finding that N(H i)
correlates with δv has an important implication: it implies
that δv does correlate with physical distance to the quasar.
If δv was dominated by peculiar motions rather than Hub-
ble flow, and so was uncorrelated to physical proximity to
the quasar, then the two N(H i) distributions shown in the
bottom panel of Figure 6 would not be distinct. The fact
that they are so different allows us to make the general as-
sumption that proximity in velocity does imply proximity in
distance.
3.6 C iv and N v column densities
The logarithmic C iv column densities in the proximate Ovi
sample cover over 2 dex, with a median value and standard
deviation of logN(C iv)=12.64±0.60. Nv is detected in nine
weak absorbers, with logN(Nv) between 11.54 and 13.60.
Comparisons between the C iv column density and δv, and
between Nv column density and δv, as well as the depen-
dence of the high-ion column density ratios with δv, are
presented in Figure 7. In a similar fashion to H i, N(C iv)
in the weak Ovi absorbers depends strongly on δv, with
the absorbers at δv < 2 000 km s−1 showing column densi-
ties clustered around logN(C iv)≈12.4, and those at δv >
2 000 kms−1 showing values centered at logN(C iv)≈13.3.
A two-sided K-S test shows that the N(C iv) distributions
in the two velocity intervals differ at a significance level of
93%. This leads to a difference in the mean C iv/Ovi ratio
between the two velocity bins, with lower ratios at lower ve-
locity. There is no indication that either N(Nv) or Nv/Ovi
depends on δv, though the smaller sample size of Nv (be-
cause of the non-detections) prevents us from making sta-
tistically meaningful conclusions.
In order to study the high-ion velocity structure more
closely, we present in Figures 8a and 8b apparent column
density profiles as a function of velocity, for each weak
proximate Ovi absorber. The apparent column density per
unit velocity in units of ions cm−2 (km s−1)−1 is given by
Na(v) = 3.768 × 10
14τa(v)/fλ (Savage & Sembach 1991),
where λ is the transition rest wavelength in A˚, f is the os-
cillator strength (taken from Morton 2003), and τa(v) is de-
fined in §2.2. These figures allow the Ovi, C iv, H i, and
(in the nine cases where present) Nv profiles to be closely
compared. Note that for H i, we plot the apparent column
density profile of our best-fit model to the Lyman series ab-
sorption lines, because several lines are used to derive our
best-fit model. For the high ions, the actual data from one
of the two doublet lines are shown, rather than the model.
In 11/24 absorbers where both Ovi and C iv are
detected, the profiles are similar enough to suggest co-
spatiality of the ions C+3 and O+5. In the remaining 13 cases
there are significant differences in the line profiles, indicating
that Ovi and C iv trace different gas phases. Here a ‘signif-
icant difference’ is either a centroid offset of >10 kms−1, or
a case where b(C iv)<b(Ovi), for which there is no single-
phase solution [since an oxygen atom is heavier than a car-
bon atom, b(Ovi) must be less than b(C iv) for lines arising
in the same gas]. In only one of the nine cases with Nv, its
profile is similar in centroid and width to the Ovi. How-
ever, detailed comparisons of the Nv and Ovi profiles are
complicated by the fact that low-optical depth Nv absorp-
Table 5. Proximate C iv with blended Ovi
QSO zqso zabs δv (km s
−1)
HE 0001-2340 2.2670 2.1870 7530
HE 0151-4326 2.7890 2.6956 7580
HE 1341-1020 2.1350 2.1065 2750
HE 2347-4342 2.8710 2.8781 −550
Q 0122-380 2.2030 2.1472 5320
tion is lost in the noise, even in this high-quality dataset,
so we do not read into this result any further. Most sig-
nificantly, offsets of order 10–30 kms−1 between the cen-
troid of the H i absorption and the centroid of Ovi absorp-
tion are seen in 14/26 weak proximate cases. These off-
sets are highly important, since they imply that the H0
atoms do not live in the same volume of gas as the O+5
ions in at least half of the weak Ovi absorbers. In other
words, at least half of the weak Ovi systems are multi-
phase. Consequently, it is not possible to derive a metal-
licity estimate in these multi-phase cases from the Ovi/H i
ratio, even with an ionization correction, and single-phase
photoionization models cannot be applied. The dangers of
treating multi-phase quasar absorbers as single-phase have
been pointed out before (Giroux, Sutherland, & Shull 1994;
Reimers et al. 2001).
3.7 Calculation of dN/dz for proximate O vi
In this section we derive the incidence of proximate Ovi
absorption, in terms of the traditional dN/dz, and also in
terms of the number of absorbers detected per 2 000 kms−1
interval in δv. Note that because we are working at z≫0, rel-
ativistic effects cause the relationship between velocity and
redshift intervals to be dv≈ c dz/(1+z). Before calculating
the incidence of proximate Ovi absorption, we correct the
redshift path for blending with the Lyα forest, since Ovi is
only identifiable in unblended regions of the spectrum. To
estimate the number of Ovi absorbers that were missed due
to Lyα forest contamination, we looked for C iv absorbers
within 8 000 kms−1 of zqso in which the accompanying Ovi
is blended, and found five. These are listed in Table 5. This
method should provide a good estimate for the Ovi incom-
pleteness, since firstly Ovi is detected in all proximate C iv
absorbers in which the Ovi data are unblended, and sec-
ondly C iv is unblended by the Lyα forest, so no C iv sys-
tems should be missed down to a limiting equivalent width
of ≈2 mA˚. The limiting equivalent width for the C iv search
is smaller than the limiting equivalent width for the Ovi
search, because C iv lies in a higher S/N region of the spec-
trum.
The total redshift path within 8 000 kms−1 of sixteen
quasars (at 〈zqso〉=2.44) is 1.48. Because there are five ‘miss-
ing’ Ovi systems, we estimate our Ovi completeness to
be 35/(35+5)=84%, implying that a path equal to 0.25 is
blended near Ovi, so that the corrected redshift interval for
the proximate Ovi search is 1.24. In this path 26 weak sys-
tems (comprising 48 components) are detected. so overall
dN/dz of weak Ovi systems at δv < 8 000 km s−1 is 21±5,
where the errors on the counts are assumed to be Poissonian.
However, this is an average value, and when we break down
the absorbers into those at δv < 2 000 and those at 2 000–
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Figure 7. Dependence of N(Ovi), N(C iv), N(C iv)/N(O vi), N(Nv), and N(Nv)/N(O vi) on δv, for the weak proximate Ovi sample.
Downward-pointing arrows denote non-detections. The right column shows the histograms of each quantity plotted on the left, split
into sub-samples at δv < 2 000 and >2 000 km s−1 from the quasar. In the lower two panels, the nine Nv detections are shown with
open circles to distinguish them from the non-detections. Only detections are included in forming the histograms. Whereas there is no
discernable effect for N(Ovi) to depend on δv, N(C iv) distributes very differently at <2 000 than at >2 000 km s−1. The Nv samples
are too small to draw conclusions about whether N(Nv) depends on δv.
8 000 kms−1, we find a marked change in the incidence:
dN/dz trebles within 2 000 kms−1, from 14±4 to 42±125.
When counting components rather than systems, a similar
5 We have included the four weak Ovi absorbers at δv < 0
(zabs>zqso) in the 0–2 000 km s
−1 bin, since regardless of their
peculiar velocity they must lie in front of the quasar. Even with-
increase in the incidence is observed within 2 000 kms−1 of
zqso. These results are shown in Figure 9, and are also sum-
marized in Table 6. Note how the intervening incidence of
BH05 is recovered in the range 2 000–8 000 kms−1.
out these, dN/dz in the 0–2 000km s−1 bin is 28±8, twice the
incidence in the 2 000–8 000 km s−1 bin.
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Figure 8. High-ion and H i apparent column density profiles for each weak proximate Ovi absorber. The C iv (blue), H i (black), and
Nv (green, where present) profiles have been scaled to allow their shape to be compared with Ovi. For the high ions the AOD profiles
are formed from the data themselves. For H i, we show the AOD profile of the best-fit model to the Lyman series absorption lines. The
green vertical lines show the velocity range over which the AOD measurement is made. Annotated on the top-right of each panel is the
proximity to the quasar. In cases where the Ovi and C iv profiles show similar line centers and line widths, we add a tick to the C iv
label. In cases where the Ovi and H i profiles show similar velocity centroids (but not necessarily the same width), we add a tick mark
to the H i label. Cross marks next to the C iv and H i labels indicate significant differences between the profiles of these ions and Ovi,
e.g. centroid offsets of >10 kms−1, indicating that the lines do not form in the same phase of gas as the Ovi.
3.8 Comparison of z ≈ 2.5 and z ≈ 0 absorbers
A considerable amount of work has been invested in studying
Ovi in the low-redshift IGM using the FUSE and HST or-
biting observatories (Bergeron et al. 1994; Burles & Tytler
1996; Tripp et al. 1996; Tripp, Savage, & Jenkins 2000;
Savage et al. 2002; Sembach et al. 2004; Richter et al.
2004; Prochaska et al. 2004; Danforth & Shull 2005, 2008;
Lehner et al. 2006; Tripp et al. 2008; Cooksey et al. 2008;
Thom & Chen 2008a,b). By comparing our results obtained
from proximate Ovi absorbers at z=2–3 with the z≈ 0 re-
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Figure 8. (continued). High-ion and H i apparent column density profiles in the weak Ovi absorbers.
Table 6. Weak Ovi absorbers at z=2–3: Summary of dN/dz
statistics (8 mA˚ sensitivity)
Category |δv|<2 000a 2 000<δv<8 000a Interveningb
Systems 42±12 14±4 14±2
Components 87±17 23±5 35±6
a Range in velocity relative to zqso (in km s−1).
b Based on BH05; in the updated intervening sample 58 sys-
tems are seen over a total ∆z of 4.09, complete down to
logN(Ovi)=13.11.
sults, we can search for evolution of the highly ionized gas
content of the Universe. Since the intensity of the extragalac-
tic UV background rises with redshift (Haardt & Madau
1996), one might expect to see higher photoionized Ovi col-
umn densities at higher redshift. Simultaneously, the frac-
tion of baryons in warm-hot gas is predicted to decrease with
increasing redshift (Dave´ et al. 2001), since at early cosmic
epochs there has not been adequate time for gas to accrete
and virialize into dark matter-dominated potential wells.
Based on an analysis of low-redshift (0.15 < z < 0.5)
Ovi absorption line systems and with a sensitivity limit
of Wr > 30 mA˚, Tripp et al. (2008) report that dN/dz is
enhanced by a factor of ≈3 at velocities <2 500 kms−1
from the quasar compared to the intervening sample,
with dN(Ovi)/dz=16+3
−2 for the intervening systems and
dN(Ovi)/dz=51+21−15 for those at δv < 2 500 kms
−1. Our
result for weak Ovi systems at z=2–3 with Wr > 30 mA˚
and δv < 2 000 km s−1 is dN/dz is 32±10, lower than the
low-redshift result by a factor of ≈1.6. However, comparing
the high- and low-redshift results for dN/dz can be mis-
leading, because redshift has a highly non-linear relation-
ship with spatial dimensions, that depends on cosmology.
With our adopted cosmology, then in the interval z=0.15
to z=0.5, dx(Gpc)=3.63 dz, whereas for the interval z=2
to z=3, dx(Gpc)=1.22 dz, where dx is the comoving radial
distance, and where we have used the online cosmology cal-
culator of Wright (2006). Correcting for these factors to cal-
culate the number density of weak Ovi absorbers per unit
co-moving distance, a better indicator of the space density
of Ovi, we derive the results listed in Table 7. Here we see
evidence that the space density of Ovi absorbers increases
with redshift, by a factor of two between z=0.15–0.5 and
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Figure 9. Number of weak Ovi absorbers as a function of prox-
imity to the quasar. Plotted are the number of Ovi systems per
2 000 km s−1 bin of δv over our sample of sixteen quasars. The cor-
responding values of dN/dz are shown on the right, corrected for
the blended redshift path. The errors on the counts are assumed
to be Poissonian; plotted are the 1σ errors. We use a smaller bin
for the range −1 000 to 0 km s−1; these absorbers lie in front
of the quasar and so are included in the 0–2 000 km s−1 bin in
our final dN/dz calculations. The incidence of intervening Ovi
systems is shown as the green data point; there is no significant
difference in dN/dz between the absorbers at 2 000–8 000 km s−1
and the intervening sample.
Table 7. dN(O vi)/dx statistics (30 mA˚ sensitivity)
Categorya Sample z=0–0.5b z=2–3
(Gpc−1) (Gpc−1)
Systems Proximate (δv<2 000) 14+6
−4 26±8
Intervening (δv>5 000) 4±1 8±2c
Components Proximate (δv<2 000) 30+8
−6 71±14
Intervening (δv>5 000) 6±1 21±3c
a The entries in this table list the incidence of weak Ovi ab-
sorbers per unit comoving distance, in units of Gpc−1; the en-
tries were derived by correcting dN/dz for cosmology, and are
presented for both proximate and intervening absorbers, at low
and high redshift, and for systems and components.
b Derived using results from Tripp et al. (2008).
c Derived from BH05 result.
z=2–3. This increase is observed independently for both the
proximate and intervening absorbers.
4 DISCUSSION
The BAL, mini-BAL, and intrinsic systems, which together
we classify as strong systems based on their fully saturated
Ovi absorption, strong accompanying Ovi and C iv absorp-
tion, and frequent evidence for partial coverage, are well-
understood as being formed in either QSO-driven outflows
or inflows in the immediate vicinity of the AGN central en-
gine (see review by Hamann & Ferland 1999). Here we focus
on the weak (narrow) proximate systems, which represent a
separate population. Is there any evidence that these weak
systems are directly photoionized by the quasar?
We report two results that address this question, though
their interpretation is not straightforward. First, in our sam-
ple of proximate Ovi absorbers at z=2–3, there is an en-
hancement by a factor of three in the incidence dN/dz of
weak Ovi absorbers within 2 000 kms−1 of the quasar ver-
sus those in the interval 2 000 to 8 000 kms−1. A similar
enhancement is seen near low-redshift quasars (Tripp et al.
2008). While at face value this could be interpreted as
a proximity effect, in which quasars preferentially ionize
nearby clouds more often than they photoionize more dis-
tant clouds, this is not the only explanation. The en-
hancement in dN/dz could also be explained by an over-
density of galaxies near quasars, and where the Ovi ab-
sorbers are located in the gaseous halos of these galaxies
(Young, Sargent, & Boksenberg 1982). It is well-known that
quasars are preferentially formed in cluster environments,
particularly at high redshift (Croom et al. 2005; Shen et al.
2007). This idea is supported by the observation that the
internal properties of the weak Ovi absorbers are not de-
pendent on redshift or proximity to the quasar.
Second, there are statistically significant differences be-
tween the H i/Ovi and C iv/Ovi ratios measured in the
weak Ovi populations above and below 2 000 kms−1, with
the weak absorbers at δv < 2 000 kms−1 showing a me-
dian H i/Ovi ratio lower by a factor of ≈10, and a me-
dian C iv/Ovi ratio lower by a factor of ≈7 than those at
2 000<δv<8 000 kms−1. Again, at face value, these results
could be interpreted as proximity effects, in which gas closer
to the quasar shows a higher ionization level than interven-
ing gas. However, closer inspection finds that while N(H i)
and N(C iv) show a tendency to decrease as δv decreases,
N(Ovi) is uncorrelated with δv, i.e. it is the behaviour of
N(H i) and N(C iv) alone that is driving the trends seen
in the column density ratios, not the behaviour of N(Ovi).
Importantly, the H i and C iv proximity effects imply that
proximity in velocity does correlate with proximity in dis-
tance, which supports the idea that the velocities of the weak
absorbers are dominated by the Hubble flow.
Because Ovi-H i-C iv velocity centroid offsets are ob-
served directly in ≈50 per cent of the weak systems, single-
phase photoionization models for the Ovi, C iv, and H i
are inadequate for at least half the absorbers in our sam-
ple. Indeed, the non-dependence of N(Ovi) on proxim-
ity casts doubt on whether photoionization by the back-
ground QSO creates the Ovi at all. Photoionization by
nearby stellar sources of radiation is also unlikely, since
such sources do not emit sufficient fluxes of photons
above 54 eV (the He ii ionization edge) to produce the ob-
served quantities of Ovi. We cannot rule out photoion-
ization by the quasar in every individual case, for exam-
ple the absorber at z=2.4183 toward HE 1122-1649, which
shows strong Ovi but barely detectable C iv, as do sev-
eral proximate Ovi absorbers reported by Gonc¸alves et al.
(2008). Nonetheless, N(Ovi) does not depend on proxim-
ity in the way that N(H i) and N(C iv) do. Thus we in-
fer that the sizes of spheres-of-influence around quasars,
which are implied the shapes of Gunn-Petersen troughs
(Zheng & Davidsen 1995; Smette et al. 2002), and from
studies of proximate absorption in lower ionization species,
such as Mg ii (Vanden Berk et al. 2008; Wild et al. 2008)
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and C iv (Foltz et al. 1986; Vestergaard 2003; Nestor et al.
2008), are dependent on photon energy, and the presence of
a sphere of photons at energies above 113.9 eV (capable of
ionizing O+4 to O+5) has yet to be demonstrated.
Thus we turn to collisional ionization models. Since
the line widths of a significant fraction (≈60%) of the
components in the weak Ovi absorbers are low enough
(b<14 km s−1) to imply gas temperatures below 188 000 K,
collisional ionization equilibrium can be ruled out, because
essentially no Ovi is produced in gas in CIE at these tem-
peratures (Sutherland & Dopita 1993; Gnat & Sternberg
2007). Indeed, the narrow line widths of many intergalac-
tic Ovi absorbers at z ≈ 2 have led various authors
to conclude that photoionization is the origin mechanism
(Carswell et al. 2002; Bergeron et al. 2002; Levshakov et al.
2003; Bergeron & Herbert-Fort 2005; Reimers et al. 2006;
Lopez et al. 2007). However, non-equilibrium collisional ion-
ization models cannot be ruled out so easily. Indeed one
expects that collisionally ionized gas at ‘coronal’ tempera-
tures of a few ×105 K, where Ovi is formed through colli-
sions, will be in a non-equilibrium state. This is because the
peak of the interstellar cooling curve exists at these temper-
atures, and so the cooling timescales are short. When the
cooling times are shorter than the recombination timescales,
‘frozen-in’ ionization can result at temperatures well below
those at which the ions exist in equilibrium (Kafatos 1973;
Shapiro & Moore 1976; Edgar & Chevalier 1986), provided
that there is a source of ∼ 106 K gas in the first place.
There are at least two physical reasons why
collisionally-ionized, million-degree regions of interstellar
and intergalactic gas could arise in the high-z Universe.
The first is the (hot-mode) accretion and shock heat-
ing of gas falling into potential wells (Birnboim & Dekel
2003; Keresˇ et al. 2005; Dekel & Birnboim 2006), a pro-
cess which is incorporated into cosmological hydrodynam-
ical simulations (Cen & Ostriker 1999; Dave´ et al. 2001;
Fang & Bryan 2003; Kang et al. 2005; Cen & Fang 2006),
and creates what is referred to as the Warm-Hot Inter-
galactic Medium. However, these models generically predict
that the fraction of all baryons that exist in the WHIM
rises from essentially zero at z=3 to 30–50% at z=0, so
little WHIM is expected at the redshifts under study here.
The second reason is the presence of galactic-scale out-
flows, which due to the energy input from supernovae are
likely to contain (or even be dominated by) hot, highly
ionized gas (see recent models by Oppenheimer & Dave´
2006; Fangano, Ferrara, & Richter 2007; Kawata & Rauch
2007; Samui, Subramanian, & Srianand 2008). There is
strong observational evidence for outflows at redshifts of
≈2–3 (Heckman 2002), including blueshifted absorption
in the spectra of Lyman break galaxies (Pettini et al.
2000, 2002; Shapley et al. 2003), the presence of metals
in the low-density, photoionized IGM (the Lyα forest; e.g.
Aracil et al. 2004; Aguirre et al. 2005, 2008), though see
Schaye, Carswell, & Kim (2007), and the presence of super-
escape velocity C iv components in the spectra of damped
Lyα (DLA) galaxies (Fox et al. 2007b). In addition, colli-
sionally ionized gas in galactic halos at high redshift has
been seen directly through detections of Ovi and Nv
components in DLAs (Fox et al. 2007a), albeit with much
broader system velocity widths than in the proximate ab-
sorbers discussed here. Ovi absorbers with lower H i col-
Figure 10. Comparison of predictions of non-equilibrium colli-
sional ionization models with the observed column density ra-
tios in our weak proximate sample. Non-detections of Nv (C iv)
lead to upper limits on the x- (y-) axis. We take the predictions
from the isobaric non-equilibrium collisional ionization model of
Gnat & Sternberg (2007) for an absorber at T=105 K (higher
temperatures are ruled out by the component line widths). The
model is fairly insensitive to changes in the overall abundance
level, but is sensitive to non-solar relative abundances. The dashed
green lines show the range of values of [N/O] and [C/O] that are
required to fit the proximate data with this collisional ionization
model.
umn density may probe the outer reaches of such halos or
‘feedback zones’ (BH05; Simcoe et al. 2002).
We explore the ability of non-equilibrium collisional
ionization models to reproduce the data in our proxi-
mate Ovi sample in Figure 10, which shows the C iv/Ovi
vs Nv/Ovi ratio-ratio plane. We take the isobaric non-
equilibrium model at log T=5.00 (consistent with the ob-
served Ovi component line widths) from Gnat & Sternberg
(2007), computed using solar abundances, and then find the
values of [N/O] and [C/H] that are required to reproduce
the observations. The models for 0.1 and 0.01 solar abso-
lute abundances, and for the isochoric case, predict similar
values. The non-equilibrium models are not capable of re-
producing the observed ratios when solar relative elemental
abundances are used. However, if [N/O] takes values be-
tween −1.8 and 0.4, and [C/O] between −1.9 and 0.6, it is
possible to explain the observed column densities in each
weak proximate system with a non-equilibrium collisional
ionization model. Note that we have not corrected these
model predictions for the effect of photoionization by the
extragalactic background; the model represents the pure col-
lisional ionization case. Hybrid collisional+photo-ionization
models would help in making progress in this area (see dis-
cussion in Tripp et al. 2008).
5 SUMMARY
We have presented a study of proximate (δv < 8 000 km s−1)
Ovi absorbers in the spectra of sixteen quasars observed
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at high signal-to-noise and 6.6 kms−1 resolution with
VLT/UVES. The quasars are at redshifts between 2.14 and
2.87. We found 35 proximate Ovi absorbers comprising 101
components. We used component fitting software to deter-
mine the properties of the absorption, studied the statistical
properties of the sample, and addressed the ionization con-
ditions in the gas. Our study has produced the following
results.
(i) Nine of the 35 Ovi systems are strong, with
logN(Ovi) & 15.0. These absorbers all show detections of
C iv and Nv, and show either broad, fully saturated, mini-
BAL-type Ovi absorption troughs extending over tens to
hundreds of km s−1, or evidence for partial coverage in the
high-ion profiles. A mean of 6.0 Ovi components are seen
in the strong absorbers. The strong absorbers are formed
either in QSO-driven outflows or in the immediate vicinity
of the quasar.
(ii) 26 of the 35 Ovi systems are weak, and show
logN(Ovi) < 14.5. These systems are narrow, with a me-
dian velocity width ∆v90 of 42 kms
−1. The weak systems
all contain detectable H i, all but two show C iv, and 9/26
show Nv. We find a mean of 1.9 Ovi components per weak
system. Approximately 60 per cent of these Ovi compo-
nents have Doppler b-values <14 kms−1. The gas in these
narrow components is constrained by the line widths to be
at T <188 000 K.
(iii) Among the weak sample there is no correlation be-
tween the Ovi column density and the proximity to the
quasar. This is true when using either the component-level
or the system-level column densities. Two-sided K-S tests
confirm that the column density distributions of the inter-
vening and weak proximate Ovi samples are statistically
indistinguishable. The Ovi column density also does not
correlate with redshift.
(iv) There is a difference between the line width distribu-
tions of the Ovi components versus the distributions of C iv
and Nv, in the weak proximate sample. The C iv and Nv
distributions are strongly peaked below b=10 kms−1 and do
not show the tail of absorbers with b-values between 10 and
25 km s−1 seen in the Ovi distribution.
(v) There is a significantly lower N(H i) in the weak
Ovi absorbers with δv < 2 000 km s−1 than in those with
δv > 2 000 km s−1. The difference in the median N(H i) be-
tween these two samples is ∼1.0 dex. We interpret this as
a manifestation of the H i proximity effect, and it leads to
a trend in which the H i/Ovi ratio is lower for absorbers
within 2 000 km s−1 of the QSO than for those at higher
δv. An identical trend is observed for C iv, with the median
N(C iv) lower by ≈0.8 dex at δv < 2 000 kms−1 than at
δv>2 000 kms−1. Thus C iv and H i behave differently than
Ovi.
(vi) Apparent column density profile comparisons show
that Ovi and C iv show significantly different velocity struc-
ture in 13 of the 24 weak Ovi absorbers where C iv is de-
tected. Offsets between the centroid of the H i model and the
Ovi components are seen in 14/26 weak proximate cases.
Therefore at least half of the weak Ovi systems are multi-
phase.
(vii) Down to a limiting rest equivalent width of 8 mA˚,
the number density of weak Ovi systems within 2 000 km s−1
of the background quasar is dN/dz=42±12 (87±17 for com-
ponents). Between 2 000 and 8 000 kms−1 in δv, dN/dz falls
to 14±4 (23±5 for components), equal to the incidence of
intervening Ovi measured by BH05. Thus an enhancement
in dN/dz by a factor of three is seen at δv<2 000 kms−1.
(viii) We compare the incidence dN/dz of Ovi absorbers
at high (z=2–3) and low (z=0–0.5) redshift. After cor-
recting for cosmology, the incidence of Ovi systems with
Wr > 30 mA˚ per unit comoving distance at z=2–3 is twice
the value at z=0–0.5. This increase is seen for both proxi-
mate and intervening absorbers.
(ix) Because Ovi-C iv-H i velocity offsets are observed in
half the sample, single-phase photoionization models are (at
least for these cases) unable to explain the data. Indeed,
the non-dependence of N(Ovi) on proximity casts doubt
on whether photoionization creates the Ovi at all. Instead,
we propose that the weak Ovi absorbers trace collisionally-
ionized regions that exist as part of multi-phase galactic or
protogalactic structures. In order to reconcile the collisional
ionization hypothesis with the narrow line widths measured
in approximately 60 per cent of the Ovi components, the gas
must be out of CIE. This can be explained by a scenario in
which initially hot gas is cooling down through the coronal
regime at T ∼105 K. The observed high-ion column density
ratios and line widths in the proximate Ovi absorbers can be
explained by models of non-equilibrium collisionally ionized
gas at T ≈ 105 K, but only if the relative elemental abun-
dances are non-solar: we require [N/O] to be in the range
−1.8 to 0.4 and [C/O] between −1.9 and 0.6, to explain the
data with these models.
(x) Future Ovi surveys do not need to remove absorbers
(and thus compromise the sample size) that happen to lie at
2 000–8 000 kms−1 relative to the quasar. A better approach
would be to remove those showing either N(Ovi)&15.0 or
evidence for partial coverage.
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Table 2. Component fit results to weak Ovi absorbers
QSO zabs Ion v0 (km s
−1) b (km s−1) log (N in cm−2)
HE 0001-2340 2.2571 O vi −81.0±1.1 16.7±1.2 13.45±0.02
... ... ... −31.7±1.4 20.2±2.0 13.58±0.03
... ... ... 4.0±1.1 12.6±1.2 13.73±0.02
... ... ... 39.4±2.2 13.6±4.2 12.76±0.09
... ... C iv −72.8±2.1 12.5±3.2 11.93±0.09
... ... ... −28.6±6.6 21.5±12 11.99±0.21
... ... ... 0.3±1.5 9.6±2.1 12.09±0.12
... ... N v 3.3±1.9 4.0±4.0 11.54±0.13
... ... H i −16.7±1.1 32.8±1.1 14.57±0.01
... 2.2603 O vi −0.9±1.0 9.8±1.1 13.31±0.02
... ... C iv −2.5±1.4 4.0±2.3 11.42±0.10
... ... H i −7.7±1.2 25.3±1.4 12.85±0.02
HE 1122-1649 2.3518 O vi −7.5±1.1 26.1±1.2 13.85±0.01
... ... C iv −50.9±1.3 17.6±1.5 12.52±0.03
... ... ... −2.3±1.1 21.7±1.4 12.90±0.02
... ... ... 58.6±1.8 34.4±2.9 12.72±0.03
... ... ... 117.5±1.1 7.4±1.2 12.30±0.03
... ... H i −30.8±1.5 33.3±1.4 15.06±0.03
... ... ... −1.6±2.0 54.4±1.5 14.89±0.04
... ... ... 113.1±1.2 27.8±1.2 13.86±0.02
... 2.3682 O vi −2.8±1.1 21.1±1.5 13.78±0.02
... ... ... 35.4±1.5 12.8±2.0 13.09±0.06
... ... C iv 9.2±1.1 12.2±1.1 12.40±0.02
... ... H i −47.4±64.5 53.4±18 14.45±1.07
... ... ... −12.3±4.0 43.3±2.8 15.23±0.18
... 2.4183 O vi −3.1±1.1 9.4±1.0 14.05±0.03
... ... ... 19.2±2.8 14.8± 9 13.24±0.27
... ... ... 44.9±2.7 12.3±2.4 13.25±0.13
... ... C iv −7.5±1.9 8.0±2.8 11.56±0.10
... ... H i 2.2±1.1 37.2±1.1 13.73±0.01
HE 1158-1843 2.4279 O vi −52.6±23.9 33.7±14 13.47±0.40
... ... ... −41.3±1.7 9.3±3.7 13.15±0.34
... ... ... −11.0±4.6 14.7±3.8 13.92±0.24
... ... ... 7.3±3.8 13.6±2.2 13.90±0.21
... ... C iv −5.4±1.2 20.7±1.4 12.71±0.02
... ... N v −4.1±1.1 18.0±1.2 13.36±0.02
... ... H i −8.4±1.0 32.8±1.1 13.71±0.01
... 2.4542 O vi 0.5±1.0 10.8±1.0 13.57±0.01
... ... ... 34.3±1.0 10.4±1.1 13.51±0.02
... ... ... 64.8±1.9 13.4±2.7 13.12±0.08
... ... ... 91.2±2.5 12.2±3.0 12.94±0.10
... ... C iv 31.4±1.4 8.0±1.9 11.92±0.06
... ... H i 14.0±1.6 36.5±1.4 14.00±0.02
... ... ... 81.2±1.5 36.2±1.7 13.99±0.02
HE 1341-1020 2.0850 O vi 2.4±1.1 12.1±1.3 13.97±0.02
... ... C iv −2.4±1.0 10.5±1.0 12.89±0.01
... ... H i −82.6±1.3 23.8±1.2 13.77±0.02
... ... ... −3.4±1.1 37.0±1.1 15.05±0.02
HE 1347-2457 2.5727 O vi 1.0±1.2 7.8±1.4 13.19±0.04
... ... C iv 1.6±1.1 10.6±1.3 12.44±0.03
... ... H i 12.2±1.0 46.1±1.2 15.46±0.04
... 2.5744 O vi 7.4±1.2 22.0±1.3 13.45±0.02
... ... C iv 1.2±1.0 4.7±1.0 13.20±0.01
... ... ... 15.4±1.0 6.0±1.0 13.14±0.01
... ... H i 8.7±1.0 15.8±1.0 14.95±0.02
HE 2347-4342 2.8625 O vi 3.6±1.2 16.8±1.3 13.58±0.02
... ... C iv −7.6±1.0 9.7±1.1 12.79±0.02
... ... ... 13.2±1.1 7.2±1.2 12.45±0.03
... ... H i −31.7±15.8 33.5±6.0 13.83±0.37
... ... ... −1.4±4.4 29.7±1.9 14.18±0.17
Table 3. Component fit results to weak Ovi absorbers (cont.)
QSO zabs Ion v0 (km s
−1) b (km s−1) log (N in cm−2)
PKS 0237-23 2.2028 O vi 4.3±1.1 26.5±1.4 13.80±0.02
... ... C iv −52.7±5.4 19.4±6.7 12.73±0.16
... ... ... −29.2±2.6 10.0±5.7 12.40±0.36
... ... ... −2.2±1.0 10.7±1.0 14.03±0.01
... ... ... 29.1±1.0 13.2±1.1 13.56±0.01
... ... N v −2.1±1.6 7.2±2.6 11.81±0.08
... ... ... 27.2±2.9 6.6±4.5 11.52±0.18
... ... H i −10.6±1.0 50.3±1.1 15.40±0.02
... 2.2135 O vi 2.6±1.0 8.9±1.1 13.40±0.02
... ... C iv 7.7±1.3 16.2±1.6 12.10±0.03
... ... H i 11.3±1.0 26.7±1.0 14.25±0.01
... ... ... 73.9±1.4 24.4±1.8 12.77±0.03
... 2.2298 O vi −0.2±1.1 18.0±1.3 13.61±0.02
... ... ... 29.4±1.7 8.9±2.8 12.69±0.11
... ... C iv −0.9±1.0 7.5±1.1 12.22±0.02
... ... H i −6.8±1.6 31.2±2.3 12.95±0.03
... 2.2363 O vi 6.8±1.1 15.2±1.1 14.26±0.02
... ... ... 39.7±1.6 6.8±2.6 13.32±0.09
... ... ... 62.5±3.0 7.3±5.8 13.01±0.19
... ... C iv 4.0±1.1 12.3±1.1 12.53±0.02
... ... ... 36.3±1.8 13.9±2.7 11.96±0.06
... ... N v 2.7±1.9 11.1±2.6 11.96±0.07
... ... H i 1.9±1.4 21.5±1.1 14.15±0.04
... ... ... 33.8±2.7 24.1±1.8 13.84±0.06
... 2.2378 O vi −3.7±1.0 8.3±1.0 13.56±0.02
... ... H i −10.0±1.1 18.8±1.3 12.24±0.02
PKS 0329-255 2.6494 O vi 0.0±1.1 8.6±1.2 13.14±0.02
... ... C iv −2.7±1.1 7.6±1.1 12.34±0.02
... ... H i −5.6±1.0 25.5±1.0 14.67±0.01
... 2.6610 O vi −3.3±1.1 11.9±1.2 13.15±0.02
... ... H i −7.8±1.0 26.2±1.0 14.30±0.01
PKS 1448-232 2.1660 O vi −75.8±1.3 10.9±2.3 13.15±0.05
... ... ... −53.7±1.2 4.6±1.5 13.02±0.08
... ... ... −28.2±1.5 13.7±2.0 13.67±0.06
... ... ... 3.7±3.4 16.3±5.5 13.55±0.24
... ... ... 34.9±10.8 22.8±11 13.43±0.27
... ... C iv −30.5±1.4 9.0±2.2 11.99±0.06
... ... ... 0.7±1.3 9.5±1.1 13.15±0.05
... ... ... 16.7±1.6 10.6±2.3 12.95±0.11
... ... ... 39.1±2.2 11.6±2.2 12.47±0.09
... ... ... 144.3±1.7 21.2±2.3 12.34±0.03
... ... ... 186.4±1.3 6.5±1.6 11.93±0.05
... ... N v 9.6±2.4 9.2±3.7 12.02±0.12
... ... H i −16.1± 9.6 46.0±2.0 14.81±0.34
... ... ... 1.3±3.6 37.5±3.3 15.15±0.15
Q 0109-3518 2.4012 O vi −3.1±1.1 7.1±1.3 12.81±0.04
... ... C iv −3.5±2.3 8.4±3.0 11.48±0.11
... ... H i −46.7±2.1 25.3±1.7 12.80±0.05
... ... ... 0.5±1.0 28.1±1.1 13.77±0.01
... ... ... 45.1±1.3 20.3±1.2 12.85±0.03
Q 0122-380 2.1587 O vi 16.1±1.6 9.4±2.5 13.18±0.08
... ... C iv −18.2±1.1 9.6±1.2 12.48±0.03
... ... ... 4.7±1.0 9.9±1.0 13.35±0.01
... ... H i −73.5±3.1 31.7±1.8 14.18±0.11
... ... ... 0.4±1.1 24.1±1.6 16.36±0.15
... ... ... 16.2±20.0 57.7±7.5 14.48±0.26
Q 0329-385 2.3520 O vi 7.3±1.1 12.6±1.1 14.06±0.02
... ... C iv 1.1±1.1 6.4±1.0 13.31±0.04
... ... ... 11.9±1.2 6.4±1.2 13.02±0.06
... ... N v 4.2±1.0 10.2±1.1 13.60±0.02
... ... H i 13.6±1.3 20.6±1.6 13.05±0.02
... 2.3639 O vi −46.7±1.2 15.6±1.5 13.38±0.03
... ... ... −3.6±1.1 11.0±1.2 13.55±0.02
... ... C iv −50.3±1.7 8.1±2.4 11.86±0.08
... ... ... −10.4±1.2 8.9±1.4 12.24±0.03
... ... H i −29.9±1.0 32.3±1.0 14.95±0.02
... 2.3738 O vi −118.9±26.1 45.4±18 13.54±0.32
... ... ... −74.3±3.1 27.2±5.4 13.73±0.21
... ... ... −11.7±1.3 26.2±1.6 13.94±0.02
... ... C iv −84.3±2.0 22.5±2.8 12.42±0.04
... ... ... −25.5±1.4 16.2±1.9 12.46±0.03
... ... N v −5.3±1.9 6.2±3.3 11.94±0.12
... ... H i −151.8±3.4 46.0±2.1 13.96±0.05
... ... ... −53.8±1.6 50.6±1.4 15.15±0.03
... ... ... −26.3±3.4 26.1±3.4 14.53±0.11
Q 0453-423 2.6362 O vi 3.3±1.1 15.5±1.1 13.76±0.02
... ... C iv −1.8±1.0 9.7±1.0 13.64±0.01
... ... N v −2.4±1.2 11.9±1.4 12.41±0.03
... ... H i 1.4±1.2 21.1±1.6 14.80±0.02
... 2.6402 O vi 4.1±1.0 6.3±1.0 13.16±0.02
... ... C iv 0.0±1.0 7.2±1.0 12.43±0.01
... ... N v −3.9±1.9 4.8±3.1 11.64±0.14
... ... H i −0.6±1.0 25.5±1.1 14.66±0.01c© 0000 RAS, MNRAS 000, 000–000
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Table 1. Proximate Ovi absorbers in the UVES Large Programme
QSO zqso zabs δv
a ∆v90(Ovi)b logN(Ovi)c logN(N v) logN(C iv) logN(H i)
Strong
HE 0151-4326 2.789 2.6998 7230 ... 14.97±0.04‡ 14.13±0.01‡ 13.33±0.10‡ 14.29±0.05
HE 0151-4326 2.789 2.7134 6100 ... 14.81±0.01‡ 13.95±0.05‡ 13.39±0.01 14.58±0.08
HE 1158-1843 2.449 2.4426 560 ... >16.14 14.76±0.50‡ 14.44±0.01‡ 14.33±0.20
HE 1341-1020 2.135 2.1169 1740 ... >16.09 14.78±0.16‡ 14.26±0.03‡ 14.68±0.03
HE 1341-1020 2.135 2.1473 −1170 ... >15.48 >14.80 >14.81 16.47±0.34
HE 2347-4342 2.871 2.8916 −1590 ... >15.44 14.20±0.01‡ 13.94±0.01 13.91±0.08
HE 2347-4342 2.871 2.8972 −2020 ... >15.31 >14.66 >14.72 14.45±0.07
HE 2347-4342 2.871 2.9041 −2540 ... >15.86 13.72±0.01 >14.69 16.29±0.05
PKS 0329-255 2.736 2.7089 2190 ... >15.08 13.28±0.01 13.60±0.01 14.89±0.14
Weak
HE 0001-2340 2.267 2.2571 910 109±1 14.10±0.01 11.54±0.13† 12.49±0.10 14.57±0.05
HE 0001-2340 2.267 2.2603 620 28±1 13.31±0.02 <12.26 12.01±0.03† 12.85±0.07
HE 1122-1649 2.410 2.3518 5210 60±1 13.85±0.01 <12.50 13.27±0.01 15.30±0.11
HE 1122-1649 2.410 2.3682 3720 38±1 13.86±0.02 <12.27 12.40±0.02 15.29±0.91
HE 1122-1649 2.410 2.4183 −730 61±1 14.17±0.05 <11.92 12.01±0.04† 13.73±0.05
HE 1158-1843 2.449 2.4279 1850 78±1 14.32±0.16 13.36±0.02 12.71±0.02 13.71±0.05
HE 1158-1843 2.449 2.4542 −450 98±1 13.96±0.02 <12.87 12.27±0.03† 14.30±0.06
HE 1341-1020 2.135 2.0850 4860 30±1 13.97±0.02 <12.26 12.89±0.01 15.07±0.08
HE 1347-2457 2.611 2.5727 3210 26±1 13.19±0.04 <12.38 12.44±0.03 15.46±0.15
HE 1347-2457 2.611 2.5744 3070 50±1 13.45±0.02 <12.36 13.47±0.01 14.95±0.10
HE 2347-4342 2.871 2.8625 660 36±2 13.58±0.02 <12.46 12.95±0.01 14.34±0.52
PKS 0237-23 2.233 2.2028 2830 47±1 13.80±0.02 11.99±0.09† 14.18±0.01 15.40±0.10
PKS 0237-23 2.233 2.2135 1820 29±1 13.40±0.02 <12.36 12.10±0.03 14.26±0.04
PKS 0237-23 2.233 2.2298 300 51±1 13.66±0.02 <12.26 12.22±0.02 12.95±0.11
PKS 0237-23 2.233 2.2363 −310 64±1 14.33±0.02 11.96±0.07† 12.64±0.02 14.32±0.14
PKS 0237-23 2.233 2.2378 −440 26±1 13.56±0.02 <12.22 <11.97 12.24±0.08
PKS 0329-255 2.736 2.6494 7110 24±1 13.14±0.02 <12.28 12.34±0.02 14.67±0.05
PKS 0329-255 2.736 2.6610 6140 36±1 13.15±0.02 <12.20 <12.13 14.30±0.06
PKS 1448-232 2.220 2.1660 5110 121±1 14.13±0.10 12.02±0.12† 13.48±0.04 15.31±0.50
Q 0109-3518 2.404 2.4012 250 27±2 12.81±0.04 <12.32 12.08±0.03† 13.86±0.05
Q 0122-380 2.203 2.1587 4200 22±1 13.18±0.08 <12.41 13.41±0.01 16.37±0.46
Q 0329-385 2.440 2.3520 7870 36±1 14.06±0.02 13.60±0.02 13.49±0.03 13.05±0.10
Q 0329-385 2.440 2.3639 6780 60±3 13.77±0.02 <12.70 12.39±0.03 14.95±0.08
Q 0329-385 2.440 2.3738 5880 148±1 14.25±0.11 11.94±0.12† 12.74±0.03 15.26±0.12
Q 0453-423 2.658 2.6362 1800 42±1 13.76±0.02 12.41±0.03 13.64±0.01 14.80±0.09
Q 0453-423 2.658 2.6402 1470 23±1 13.16±0.02 11.64±0.14† 12.43±0.01 14.66±0.05
a Velocity separation between absorber and quasar, in km s−1. A negative value indicates the absorber is
at higher redshift than the quasar. Errors are ∼500 km s−1, reflecting the uncertainties in zqso.
b Ovi line width containing the central 90 per cent of the integrated optical depth, in km s−1. Only given
for the weak absorbers, since it cannot be measured for a saturated line.
c The column densities in this table (with N in cm−2) were determined by summing the column densities
of the individual components in our Voigt profile fits, with the component errors added in quadrature.
For saturated absorbers, we present lower limits on the column density. The symbol ‡ denotes absorbers
with evidence for partial coverage of the continuum source; these column densities should be considered
lower limits. For non-detections of C iv or Nv, we present a 3σ upper limit to logN , based on the null
measurement of the equivalent width. Absorbers marked † are not formally detected at 3σ significance, but
a fit was executed nonetheless because of weak features in the line profiles at exactly the same redshift as
Ovi (see Fig 1).
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Figure 1. Absorption-line spectra of all proximate Ovi systems in the UVES Large Programme. Strong absorbers are shown first,
followed by the weak absorbers. Our Voigt profile fits are shown in red. In many of the C iv and Nv panels, the data are shown over a
limited range in the y-axis, for clarity. Green vertical lines indicate the velocity range of the AOD integration. The label ‘PC’ indicates
regions where partial coverage of the continuum source affects the line profiles. At the top of each column we annotate our classification
and the proximity of the absorber to the quasar.c© 0000 RAS, MNRAS 000, 000–000
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Figure 1. (cont.) c© 0000 RAS, MNRAS 000, 000–000
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Figure 1. (cont.)c© 0000 RAS, MNRAS 000, 000–000
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